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SUMMARY  PAGE 


THE  PROBLEM 

A  high  degree  of  gaze  efficiency  or  capability,  which  requires  the 
precise  coordinated  motion  of  the  head  and  eyes,  is  particularly  important 
to  the  aviator  who  must  routinely  make  large  shifts  in  gaze  during  a  scan 
of  the  cockpit  instruments  and  avionics  systems*  Because  this  capability 
is  an  important  aspect  of  in-flight  visual  performance,  this  laboratory  has 
initiated  research  to  develop  a  relatively  low-cost,  performance-based 
measure  of  head/eye  coordination  that  can  be  used  to  identify  individual 
differences  in  the  naval  aviation  population.  Progress  in  the  development 
of  such  a  test  has  been  presented  in  two  previous  reports.  This  report 
describes  further  progress  made  in  test  automation  and  simplification  of 
the  method  used  to  gain  and  evaluate  measures  of  gaze  performance. 

FINDINGS 

Previous  configurations  of  this  test  of  gaze  function  have  involved  a 
multiple  number  of  different  exposure  times  with  a  performance  score  gained 
for  each  exposure  time  and  for  each  direction  of  head  movement.  Although 
these  tests  met  the  basic  objectives  of  this  research  program  relative  to 
cost  and  ease  of  operation,  the  extent  of  the  information  gained  from  the 
multiple  performance  scores  probably  exceeds  that  required  for  a  cursory 
examination  of  gaze  capability.  We  developed  a  new  test,  identified  as  the 
Ves tibulo-Ocular-Ref lex  Performance  Test  (VORPET),  that  simplifies  the 
quantified  interpretation  of  gaze  capability.  The  test,  based  on  a  Bekesy- 
type  determination  of  the  threshold  time  required  to  recognize  a  fixed 
number  of  digits,  produces  a  single  numerical  score  for  each  direction  of 
head  movement.  The  report  provides  a  detailed  description  of  the  new  test 
protocol  and  its  design  concepts.  In  addition,  the  results  of  several 
experiments  comparing  horizontal  and  vertical  gaze  shift  performance  and 
test-retest  reliability  are  presented.  The  resulting  data  support  the 
findings  of  the  previous  reports  relative  to  the  wide  range  of  performance 
capabilities  that  exist  within  the  student  flight  candidate  population. 

This  latter  point  has  the  potential  for  operational  significance  in  that 
the  test  should  distinguish  pilots  with  exceptional  gaze  capabilities  from 
those  with  relatively  poor  gaze  performance. 

RECOMMENDATIONS 

Because  the  threshold  concept  used  to  develop  the  VORPET  test  provides 
a  simplified  method  of  distinguishing  performance  between  individuals,  it 
is  recommended  that  the  new  test  configuration  be  used  to  evaluate  the  gaze 
capabilities  of  different  naval  aviation  communities. 
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INTRODUCTION 


This  laboratory  has  recognized  the  need  for  the  development  of  a 
simple  test  to  measure  the  gaze  efficiency  of  selected  members  of  the  naval 
aviation  community,  A  high  degree  of  gaze  efficiency  or  capability,  which 
requires  the  precise  coordinated  motion  of  the  head  and  eyes,  is  particu¬ 
larly  important  to  the  aviator  who  must  routinely  make  large  shifts  in  gaze 
during  a  scan  of  the  cockpit  instruments  and  avionics  systems  (1),  It  is 
general  belief  that  the  oculomotor  and  ves tibulo-ocular-ref lex  (VOR)  con¬ 
trol  systems,  working  in  conjunction  with  other  mechanisms  (2,3),  modify 
saccadic  eye  velocity  automatically  to  maintain  a  high  degree  of  head/eye 
coordination  during  large  gaze  shifts  (4-6), 

Because  gaze  capability  is  an  important  aspect  of  in-flight  visual 
performance,  we  initiated  research  to  develop  a  relatively  low-cost,  per¬ 
formance-based  measure  of  head-eye  coordination  that  can  be  used  to 
identify  individual  differences  in  the  naval  aviation  population.  Progress 
in  the  development  of  such  a  test  has  been  described  in  several  previous 
reports.  The  original  research  efforts  (7,8)  described  the  theoretical 
aspects  of  the  test  and  presented  data  for  small  and  large  unidirectional 
head  motions  in  the  horizontal  plane.  A  follow-up  paper  reported  progress 
in  semiautomating  the  test  and  presented  normative  data  for  large  bidirec¬ 
tional  head  movements  in  the  vertical  as  well  as  horizontal  plane. 

In  the  initial  study  (7),  the  test  procedure  involved  the  presentation 
of  a  series  of  individual  fixation  letters  on  one  CRT  display  followed  by 
brief,  time-varied  presentations  of  digit  arrays  on  a  second  CRT  display 
located  a  known  angular  displacement  from  the  first  display.  Serial  letter 
identification  was  used  to  maintain  initial  gaze  position.  The  measure  of 
performance  was  the  number  of  digits  correctly  identified  in  proper  se¬ 
quence  following  presentation  of  visual  and  auditory  signals  to  initiate 
gaze  shift  from  the  fixation  display  to  the  digit  array  display.  The 
second  study  (9)  utilized  light-emitting  diode  (LED)  displays  and  extended 
the  tests  of  gaze  function  to  bidirectional  head  movements  made  in  the 
vertical  and  horizontal  head  planes.  For  this  study,  performance  scores 
were  obtained  for  four  different  exposure  times  for  each  direction  of  head 
movement • 

These  earlier  studies  used  test  configurations  involving  a  multiple 
number  of  fixed  exposure  times  with  a  performance  score  gained  for  each 
exposure  time  and  for  each  direction  of  head  movement.  Although  these 
tests  met  the  basic  objectives  of  the  research  program  relative  to  cost  and 
ease  of  operation,  the  extent  of  the  information  gained  from  the  multiple 
performance  scores  probably  exceeds  that  required  to  identify  individual 
differences  in  gaze  capability. 

This  report  provides  a  detailed  description  of  a  new  test  protocol  and 
its  design  concepts.  The  new  test,  based  on  a  Bekesy-type  (10)  determi¬ 
nation  of  a  threshold  time  for  recognition  of  a  fixed  number  of  digits, 
produces  a  single  numerical  score  for  each  direction  of  head  movement.  The 
results  of  several  experiments  involving  horizontal  gaze  shift  performance, 
vertical  gaze  shift  performance,  and  the  effects  of  learning  on  test  per¬ 
formance  are  also  presented. 
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MATERIAL  AND  METHODS 


SUBJECTS 

The  subjects  were  volunteer,  male,  student  naval  aviators  and  student 
naval  flight  officers  who  had  recently  passed  their  flight  physicals  and 
had  no  known  visual  or  vestibular  deficits,  A  total  of  72  individuals 
participated  in  the  study  with  30  assigned  to  Experiment  1,  30  to  Exper¬ 
iment  2,  and  12  to  Experiment  3, 

EQUIPMENT 

The  experimental  procedures  associated  with  the  new  test  protocol 
derive  in  great  part  from  the  methods  and  techniques  developed  for  earlier 
versions  of  the  gaze  function  test  (7-9),  Similarly,  the  equipment  used  in 
this  study  is  nearly  identical  to  that  used  in  a  previous  study  (9),  As  a 
matter  of  convenience,  the  acronym  VORPET  (Ves tibulo-Ocular-Ref lex  Perform¬ 
ance  Test)  was  selected  to  distinguish  the  new  test  protocol  from  its 
predecessor  versions. 

Experiments  1  and  2 


The  program  control  and  data  acquisition  requirements  for  the  new  test 
configuration  were  provided  by  a  desk-top  microcomputer  (Hewlett  Packard 
Model  9843C).  Presentation  of  the  visual  stimuli  was  achieved  by  means  of 
four  small  microterminals  (Burr-Brown  Model  TM27)  located  45°  to  the  left, 
right,  above,  and  below  the  visual  dead-ahead  position  (see  Fig,  1).  Each 
microterrainal  had  an  eight-character  LED  display  that  utilized  a  hexideci- 
mal  format  with  character  generation  deriving  from  a  seven-segment  font. 

The  characters  generated  with  this  font  had  the  following  approximate 
dimensions:  a  height  of  7.62  mm  (0,30  in),  a  width  of  5.2  mm  (0.2  in),  and 
an  interdigit  spacing  of  about  5.0  mm  (0.2  in)  between  the  end  of  one 
character  and  the  beginning  of  the  next  character.  At  a  1.0-m  viewing 
distance,  these  dimensions  resulted  in  viewing  angles  for  character  height, 
width,  and  interdigit  spacing  of  approximately  26,2,  17.8,  and  17.1  min, 
respectively.  The  ratio  of  stroke  width  (width  of  a  single  LED  line  seg¬ 
ment)  to  character  height  was  approximately  1:8. 


The  luminance  characteristics  of  the  LED  were  measured  using  a  Prit¬ 
chard  spectrophotometer.  As  detailed  in  the  second  report  (9),  the  lumin¬ 
ance  of  a  single  LED  line  segment  was  measured  as  17.4  cd/ra^;  measurements 
of  the  luminance  of  the  individual  characters  within  the  stimulus  array 
characters  averaged  1.36  cd/m^. 


Experiment  3 

The  equipment  used  in  this  experiment  used  the  same  visual  display 
modules  as  described  above  but  a  different  desk-top  microcomputer  (Hewlett 
Packard  Series  236).  The  test  was  implemented  in  a  newly  developed  Vestib¬ 
ular  Mobile  Field  Laboratory  constructed  on  a  standard  8  f t  by  48  ft 
trailer  bed.  Because  of  space  limitations,  the  micro terrains  Is  displays 
were  located  40°  from  the  visual  dead-ahead  position  resulting  in  gaze 
shifts  of  only  80°. 
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STIMULI  GENERATION 


Experiments  1,  2,  and  3 

In  these  experiments,  each  test  trial  was  based  on  the  presentation  of 
a  single-character  fixation  stimulus  on  one  display  followed  by  the  presen¬ 
tation  of  a  four-digit  numeric  array  on  a  second  display  located  a  fixed 
angular  displacement  from  the  first.  The  fixation  stimulus,  presented  in 
the  leftmost  position  of  the  eight-character  display,  consisted  of  the 
sequential  display  of  a  random  number  (five  to  nine)  of  dash  symbols  fol¬ 
lowed  by  a  single  numeric  digit  ranging  between  ,f2”  and  n9M.  The  display 
of  the  dash  symbols  was  marked  by  a  200  ms  "on"  period  and  400  ras  '*of f ** 
period.  The  randomization  process  eliminated  sequences  that  would  result 
in  repeating  the  number  of  dash  symbols  or  the  fixation  digit  on  successive 
trials.  The  display  of  the  single  fixation  digit  signified  to  the  subject 
that  he  should  initiate  a  head  movement  toward  the  second  display.  This 
cue  was  reinforced  by  the  simultaneous  presentation  of  an  audio  beep  tone. 

In  the  case  of  the  four- character  numeric  display,  each  array  compon¬ 
ent  utilized  all  digits  except  "O"  and  "l".  In  the  randomization  process, 
sequences  that  involved  two  adjacent  digits  with  the  same  value  were 
eliminated.  In  addition,  components  of  the  stimulus  array  that  involved 
three  sequential  digits  that  produced  a  single-step  run  in  either  the  up 
(e.g.,  digits  4,5,6)  or  down  (e.g.,  digits  8,7,6)  direction  were  elimi¬ 
nated.  At  the  end  of  the  preset  exposure  time  for  the  array,  the  four 
stimulus  digits  were  masked  by  four  "O*^  for  a  period  of  500  ms. 

TEST  PROTOCOL 

Experiment  1 

This  experiment  measured  gaze  capabilities  of  subjects  performing 
90°  head  movements  in  the  horizontal  plane.  The  subject  was  seated  in  a 
dimly  illuminated  (approximately  1.5  fc)  room  containing  the  two  display 
modules.  One  module  was  at  eye  level  45°  to  the  left  of  the  subject,  and 
the  other  was  45°  to  the  right.  The  45°  angular  displacements  were  mea¬ 
sured  from  the  visual  dead-ahead  position  to  the  leftmost  digit  presented 
on  a  given  display. 

Prior  to  beginning  the  test,  the  subjects  were  given  written  and 
verbal  descriptions  of  the  test  procedures.  In  brief,  subjects  were  in¬ 
structed  to  rotate  their  head  so  as  to  directly  face  the  visual  display 
module  that  contained  a  dash  symbol.  The  test  trial  was  started  by  sequen¬ 
tially  presenting  the  randomized  number  of  dash  symbols  on  this  display. 

The  last  dash  symbol  was  immediately  followed  by  the  display  of  the  single 
numeric  fixation  character  that  occurred  concurrently  with  an  alerting 
audio  tone.  At  this  instant,  the  randomized  four-digit  numeric  stimulus 
was  presented  on  the  second  display  for  a  preselected  exposure  time  of  750 
ms  followed  by  the  500-ms  visual  mask.  The  mask  was  then  followed  by  the 
display  of  a  single  dash  character  that  signified  to  the  subject  that  this 
trial  had  been  completed  and  that  the  next  test  trial  would  start  with  the 
presentation  of  the  fixation  symbols  on  this  second  display. 
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The  subject  task  was  to  directly  face  the  fixation  display,  watch  the 
dash  symbols,  call  out  the  single  fixation  digit  when  it  appeared,  and  then 
rapidly  rotate  their  head  toward  the  second  display  and  call  out  as  many  of 
the  digits  that  they  could  identify  in  proper  lef t- to-right  sequence.  The 
subjects  were  told  that  their  performance  would  be  scored  as  the  number  of 
digits  correctly  identified  in  proper  sequence  with  the  exception  that  a 
score  of  zero  would  be  given  if  they  did  not  properly  identify  the  preced¬ 
ing  fixation  character.  After  each  test  trial,  the  operator  manually 
entered  the  number  of  stimulus  digits  correctly  identified  in  the  computer. 
After  entering  these  data,  the  test  resumed  with  the  alerting  dash  charac¬ 
ter  and  fixation  digit  appearing  on  the  second  display  followed  by  present¬ 
ation  of  the  numeric  stimulus  on  the  first  display.  This  procedure  was 
continued  until  completion  of  the  test. 

To  familiarize  the  subject  with  the  presentation  of  the  visual  stim¬ 
uli,  each  testing  session  was  initiated  by  a  24-trial  demonstration  run 
that  was  not  scored  by  the  operator.  Each  trial  in  this  run,  automatically 
paced  by  the  computer  without  operator  intervention,  had  a  fixed  exposure 
time  of  1000  ms.  During  this  run,  the  test  operator  emphasized  the  need 
for  the  subject  to  always  directly  face  the  display  where  the  fixation 
letters  would  be  presented,  to  rapidly  rotate  his  head  toward  the  numeric 
stimulus  display,  and  to  call  out  all  digits  that  he  could  correctly  ident¬ 
ify  in  single-digit  order.  Immediately  following  the  demonstration  run,  a 
64-trial  test  run  was  initiated  with  a  30-s  rest  period  given  after  the 
first  32  trials. 

Experiment  2 

This  experiment  used  the  same  test  protocol  but  involved  vertical  head 
movements  between  two  displays  located  45°  above  and  45°  below  the  visual 
dead-ahead  position. 

Experiment  3 

This  experiment  also  used  the  Experiment  1  test  protocol  with  the 
exceptions  that  each  subject  was  tested  on  4  successive  days,  and  that  the 
two  displays  were  located  40°  to  the  left  and  40°  to  the  right  of  the 
visual  dead-ahead  position  resulting  in  gaze  shifts  of  only  80°. 

EXPOSURE-TIME  ALGORITHM 

The  primary  objective  in  developing  the  new  test  configuration  was  to 
gain  a  measure  of  the  time  required  by  an  individual  to  correctly  identify 
all  four-digits  of  the  numeric  stimulus  array.  In  essence,  a  threshold 
measure  was  desired  for  each  Individual  that  would  identify  the  minimum 
time  that  the  numeric  stimulus  array  must  be  displayed  to  achieve  a  defined 
degree  of  performance.  The  approach  chosen  to  meet  this  task  was  based  on 
the  following  nomenclature.  A  trial  was  defined  as  a  single  test  of  gaze 
function  involving  a  unidirectional  head  movement;  a  trial  score  was  de¬ 
fined  as  the  number  of  digits  the  subject  correctly  identified  during  a 
given  trial;  and  a  trial  set  was  defined  as  eight  sequential  trials  involv¬ 
ing  four  gaze  shifts  made  in  one  direction  and  four  gaze  shifts  made  in  the 
opposite  direction.  In  this  test  configuration,  a  total  of  64  trials  were 
used;  32  involving  lef t- to-right  (or  up-to-down)  head  movements  and  32 
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involving  right- to- left  (or  down-to-up)  head  movements.  Accordingly,  the 
test  was  composed  of  eight  trial  sets,  each  involving  four  trials  for  each 
direction  of  head  movement. 

The  test  began  with  an  initial  exposure  time  of  750  ms  for  each  trial. 
This  exposure  time  was  not  adjusted  until  four  trials  (i.e.,  a  trial  set) 
had  been  completed  for  each  direction  of  gaze  shift.  As  noted  in  the  test 
protocol,  the  operator  entered  the  number  of  digits  correctly  identified 
following  each  trial.  Since  it  was  desired  to  recognize  performance  based 
on  the  full,  rather  than  partial  identification  of  all  four  digits  in  the 
stimulus  array,  a  trial  performance  score  of  either  one  or  zero  was  as¬ 
signed  following  each  trial:  one  if  all  four  digits  were  identified  cor¬ 
rectly,  or  zero  if  less  than  four  digits  were  identified.  These  scores 
were  then  used  to  arrive  at  a  trial  set  score  that  could  range  from  zero  to 
four  for  the  four  involved  trials.  This  trial  set  score  was  then  used  to 
increase  or  decrease  the  display  exposure  time  for  the  next  four  trials 
according  to  the  Table  1  notation. 


TABLE  1.  Method  Used  to  Adjust  the  Time  the  Numeric  Stimulus  Array 
was  Displayed  as  a  Function  of  Subject  Performance. 


Trial  set 

score 

Threshold 

nomenclature 

Display  exposure 
time  adjustment 

0 

Far  below  threshold 

Increase 

L5  7. 

1 

Below  threshold 

Increase 

L0  % 

2 

Threshold 

Decrease 

5  % 

3 

Above  threshold 

Decrease 

10  % 

4 

Far  above  threshold 

Decrease 

L5  % 

As  indicated  in  Table  1,  threshold  was  arbitrarily  defined  as  full 
recognition  of  the  complete  stimulus  array  on  two  of  the  four  trials.  It 
also  could  be  readily  argued  that  recognition  of  the  full  array  on  only  one 
of  the  four  trials  would  mark  a  threshold  in  that  a  single  correct  response 
indicates  that  the  subject  did  indeed  see  and  identify  all  four  digits  for 
the  denoted  exposure  time.  With  this  definition  of  threshold,  it  might  be 
convention  to  leave  the  exposure  time  unchanged  for  the  next  four  trials. 
Because  learning  or  practice  effects  associated  with  performance  tests  of 
this  form  can  result  in  a  slight  improvement  in  performance  on  successive 
trials,  we  decreased  the  exposure  time  a  small  amount  whenever  a  threshold 
response  occurred. 

A  further  point  is  that  since  definitive  data  were  not  available  that 
would  define  the  incremental  sensitivity  of  individuals  to  either  variable 
exposure  times  or  different  degrees  of  gaze  shift,  the  decision  was  made  to 
linearly  increase  or  decrease  the  exposure  times  by  fixed  percentage  incre¬ 
ments  • 
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THRESHOLD  NOMENCLATURE 


Each  64-trial  run  was  composed  of  two  32-trial  segments.  After  the 
first  32  trials,  the  two  resulting  threshold  times  (one  for  each  direction 
of  head  movement)  were  identified  as  the  mid- thresholds.  The  mean  of  these 
two  m id- thresholds  was  then  calculated  and  stored  for  later  analysis.  The 
two  threshold  times  resulted  after  the  last  32  trials  were  identified  as 
end- thresholds  with  the  mean  of  the  two  values  again  calculated  and  stored. 
Although  the  initial  exposure  time  for  the  last  32  trials  began  with  the 
exposure  time  present  at  the  end  of  the  first  32  trials,  the  end- threshold 
values  were  determined  independently  of  the  m id- threshold  values.  In  ef¬ 
fect,  an  end- threshold  could  be  greater  than,  equal  to,  or  less  than  the 
m id- threshold.  At  the  end  of  the  test,  the  final  threshold  was  defined  as 
the  lower  of  the  mid-  and  end- threshold  values  for  each  direction  of  gaze 
shift.  The  simple  average  of  the  resulting  two  final  threshold  values  was 
identified  as  the  grand  mean  threshold  for  either  horizontal  or  vertical 
gaze  shifts. 


RESULTS  AND  DISCUSSION 

The  results  of  Experiment  1,  which  involved  90°  gaze  shifts  made  in 
the  horizontal  head  plane,  are  summarized  in  Tables  2  and  3.  Table  2 
compares  the  final  threshold  times  obtained  for  the  32  left-directed  head 
movements  with  the  corresponding  final  threshold  values  for  the  32  right- 
directed  movements.  This  table  presents  the  mean  and  related  statistics 
for  the  final  threshold  times  for  each  direction  of  gaze  shift  for  the  N  = 
30  study  population;  the  Pearson  linear  correlation  r  coefficient  between 
the  two  threshold  times;  and  the  results  of  a  two-tailed  Student  t  test 
of  statistical  differences  between  the  two  directions  of  gaze  shift. 


TABLE  2.  Experiment  2  Horizontal  Gaze  Shift  Data  Comparing  Performance 

Achieved  with  Rightward-  and  Leftward-Directed  Gaze  Shifts  of  90°. 


Performance 

statistics 

Threshold  times 

(ms)  and 

gaze  direction 

Right 

Left 

Mean 

605 

600 

SD 

89 

74 

SE 

16 

14 

Minimum 

481 

510 

Maximum 

949 

863 

r-correla  tion 

0.91* 

df 

28 

t-means 

0.75 

df 

29 

*£  <  .001 
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The  data  indicate  that  there  were  no  statistically  significant  differ¬ 
ences  between  left-  and  right-directed  gaze  performance  and  that  a  rela¬ 
tively  strong  correlation  does  exist  between  the  two  directions  of  move¬ 
ment*  In  the  previous  study  using  the  same  LED  displays  (9),  statistically 
significant  left/ right  directional  differences  were  found  for  two  of  the 
four  exposure  times;  performance  to  the  right  was  best  at  the  500-ms  expo¬ 
sure  time  aAd  performance  to  the  left  was  best  at  1250  ms*  It  is  probable 
that  the  pronounced  differences  in  test  protocol  used  in  the  two  studies 
account  for  this  apparent  conflict*  The  Table  3  minimum  and  maximum  data 
reflect  the  same  wide  range  in  individual  performance  as  previously  re¬ 
ported  (7-9). 

Table  3  compares  the  Experiment  1  mean  threshold  times  present  after 
the  first  32  trials  (mid- threshold)  with  those  present  following  the  last 
32  trials  (end- threshold)*  In  this  table,  the  mean  data  represent  the 
simple  average  of  the  left-  and  right-directed  threshold  times  at  the 
denoted  point  in  the  test*  As  would  be  expected,  there  was  a  strong,  sta¬ 
tistically  significant  (j>  <  *001)  relationship  between  the  two  different 
threshold  measures*  The  Student  t  statistic  indicates  that  the  end-thres¬ 
hold  times  were  significantly  lower  than  the  m id- threshold  times  implying 
the  presence  of  a  learning  effect  over  the  course  of  the  64  trials.  Al¬ 
though  statistically  significant,  the  numerical  difference  between  the  two 
scores  was  relatively  small,  with  the  mean  end- threshold  time  only  38  ms 
less  than  the  mid- threshold  time  for  this  study  group. 


TABLE  3.  Experiment  1  Horizontal  Gaze  Shift  Data  Comparing  Mean  Threshold 
Times  Measured  After  the  First  32  Trials  with  Those  Measured 
After  the  Last  32  Trials* 


Performance 

s  ta  tis  tics 

Threshold  times 

Mid- threshold  End 

(ms) 

-  threshold 

Mean 

649 

611 

SD 

81 

81 

SE 

15 

15 

Minimum 

558 

495 

Maximum 

928 

916 

r-correla  tion 

0.82* 

df 

28 

t-means 

4.24* 

df 

29 

*j>  <  .001 


The  results  of  Experiment  2,  which  involved  90°  gaze  shifts  made  in 
the  vertical  head  plane,  are  presented  in  Tables  4  and  5.  Table  4  compares 
the  final  threshold  times  measured  with  downward-directed  gaze  shifts  with 
the  corresponding  thresholds  measured  for  upward-directed  gaze  shifts.  As 
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with  the  horizontal  gaze  shift  data,  a  relatively  strong  correlation  exists 
between  the  two  directions  of  vertical  gaze  shift.  Although  there  were  no 
statistically  significant  differences  in  gaze  performance  for  the  two 
directions  of  horizontal  gaze  shift,  the  Table  4  data  indicate  that  gaze 
performance  in  the  upward  direction  was  statistically  better  than  that  in 
the  downward  direction.  The  minimum  and  maximum  vertical  gaze  shift  data 
also  reflect  considerable  differences  in  individual  performance  capabil¬ 
ities. 


TABLE  4.  Experiment  2  Vertical  Gaze  Shift  Data  Comparing  Performance 

Achieved  with  Downward-  and  Upward-Directed  Gaze  Shifts  of  90°. 


Performance  Threshold  times  (ms)  and  gaze  direction 

statistics  Downward  Upward 


Mean 

683 

651 

SD 

83 

86 

SE 

15 

16 

Minimum 

539 

480 

Maximum 

843 

784 

r-correla tion 

0.78 

df 

28 

t-means 

3.17* 

df 

29 

*£  <  .01  **£  <  .001 


Table  5  derives  from  the  vertical  gaze  shift  data  collected  in  Experi¬ 
ment  2  and  provides  a  comparison  between  the  mean  mid-  and  end- threshold 
times.  Again,  there  was  a  strong  and  statistically  significant  (j>  <  .001) 
correlation  between  the  two  threshold  measures.  The  Student  t  statistic 
indicates  that  the  two  mean  threshold  measures  for  the  population  were 
significantly  different  (j>  <  .001).  As  with  the  horizontal  gaze  shift 
data,  the  numerical  differences  were  relatively  small,  with  the  mean  end- 
threshold  only  40  ms  less  than  the  mid- threshold. 
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TABLE  5.  Experiment  2  Vertical  Gaze  Shift  Data  Comparing  Mean  Threshold 
Times  Measured  After  the  First  32  Trials  with  Those  Measured 
After  the  Last  32  Trials. 


Performance 

Threshold  times 

(ms) 

s  ta  tis  tics 

Mid- threshold  End 

-  threshold 

Mean 

717 

676 

SD 

89 

87 

SE 

16 

16 

Minimum 

590 

509 

Maximum 

925 

835 

r-corre la  tion 

0.85* 

df 

28 

t-means 

4.6b  * 

df 

29 

*£  <  .001 


Table  6  compares  the  Experiment  1  horizontal  gaze  shift  data  with  the 
Experiment  2  vertical  gaze  shift  data.  Again,  the  grand  mean  data  for  the 
horizontal  gaze  shifts  represent  the  simple  average  of  the  left-  and  right- 
directed  performance  scores  presented  in  Table  2.  The  vertical  data  de¬ 
rives  from  the  simple  average  of  the  downward-  and  upward-directed  perform¬ 
ance  scores  presented  in  Table  4.  The  two-tailed,  independent  sample, 
Student  t  statistic  indicates  that  horizontal  gaze  shift  performance  was 
significantly  better  than  vertical  performance.  This  finding  differs  from 
that  observed  in  the  previous  study  (9)  where  no  statistically  significant 
differences  were  found  between  horizontal  and  vertical  performance  at  any 
of  four  different  exposure  times  (500,  750,  1000,  and  1250  ms).  However, 
the  mean  performance  scores  at  all  exposure  times  except  1250  ms  for  hori¬ 
zontal  gaze  shifts  were  numerically  greater  than  the  corresponding  vertical 
values;  at  1250  ms,  horizontal  and  vertical  performance  was  nearly  identi¬ 
cal.  Assuming  that  horizontal  gaze  shifts  occur  more  frequently  than  vert¬ 
ical  gaze  shifts  in  the  normal  environment,  it  might  be  projected  that 
performance  in  the  horizontal  plane  would  be  best  as  a  result  of  greater 
day-to-day  experience/ prac tice.  The  data  of  the  present  study  would  lend 
support  to  this  hypothesis. 
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TABLE  6,  Comparison  of  Performance  Scores  Obtained  with  90°  Head  Move¬ 
ments  Made  in  the  Horizontal  Plane  with  Those  Made  in  the  Vert¬ 
ical  Plane, 


Performance 

Threshold  times 

(ms)  and  gaze 

s  ta  tis  tics 

Horizon  ta 1 

Vertical 

Grand  mean 

602 

666 

SD 

80 

80 

SE 

15 

15 

Minimum 

495 

509 

Maximum 

606 

789 

t-means 

-3. 11* 

df 

58 

*£  <  ,01 

The  results  of  Experiment  3,  which  involved  the  repeat  testing  of  12 
subjects  on  4  successive  days,  are  tabulated  in  Table  7,  A  one-way,  re¬ 
peated  measures  ANOVA  of  these  data  indicated  that  a  significant  difference 
(^F  (3,  33)  =  17,  jd  <  ,001)  was  present  in  the  day-to-day  treatment.  In 
essence,  a  learning  effect  was  present  in  that  the  mean  threshold  times 
decreased  (performance  improved)  as  the  subjects  gained  experience  with  the 
test*  The  results  of  a  Duncan  multiple-range  test  comparing  the  four  means 
indicated  that  significant  improvements  (j)  <  .05)  in  performance  occurred 
over  the  first  3  testing  days  (Table  7).  However,  the  mean  threshold  time 
achieved  on  the  fourth  day  did  not  differ  significantly  from  that  achieved 
on  the  third  day  indicating  that  performance  stabilization  was  being  ap¬ 
proached.  This  trend  can  be  readily  visualized  from  Fig.  2,  which  is  a  plot 
of  the  Table  7  means  and  standard  deviations  over  the  4  testing  days.  The 

TABLE  7.  Experiment  3  Data  Comparing  Horizontal  Gaze  Shift  Performance 
(80°  Head  Movements)  for  the  Subject  Group  Tested  on  Four 
Successive  Days. 


Performance 

Threshold  times 

(ms)  and  day  of  test 

s ta  tis tics 

Da  y  1  Da  y  2 

Day  3  Day  4 

Grand  Mean 

578  a 

550  b 

526  c 

518  c 

SD 

60 

59 

49 

41 

SE 

17 

17 

14 

12 

Means  with  the 
ing  to  Duncan's 

same  letter  suffix  are  not  significantly  different 
multiple  range  test  (p  <  .05). 

accord 

total  change  in  threshold  times  over  the  testing  period  was  relatively 
small  for  the  subject  group  in  that  between  the  first  and  last  day  mean 
scores  differed  by  only  60  ms. 
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Figure  2.  Plot  of  the  Experiment  3  data  showing  the  means  and  standard 
deviations  of  the  threshold  times  measured  on  four* successive 
testing  days. 


The  Pearson  linear  correlation  r  coefficients  relating  the  threshold 
scores  achieved  by  the  subjects  over  the  4-day  testing  period  are  presented 
in  matrix  form  in  Table  8.  The  moderately  strong  correlations  within  the 
matrix  indicate  a  good  degree  of  test  consistency. 


TABLE  8.  Correlation  Matrix  Showing  the  Relationships  Between  the 
VORPET  Threshold  Scores  Obtained  on  Four  Successive  Days. 


Performance 

statistics 

Pearson  correlation 

coefficient  and  day  of  test 

Day  2 

Day  3 

Day  4 

** 

** 

,  ** 

Day 

1 

.91 

.86 

.86 

_  * 

Day 

2 

—  —  — 

.86 

.74 

Day 

3 

— 

— 

.73* 

*£  <  .01  **£  <  .001 
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In  the  development  of  this  VORPET  protocol,  a  question  could  arise  as 
to  the  absolute  accuracy  of  the  threshold  measure  obtained  for  a  specific 
individual  after  only  24  practice  trials  and  64  test  trials.  It  would  be 
reasonable  to  expect  that  as  a  result  of  practice  effects  on  such  a  per¬ 
formance  test,  lower  threshold  values  would  be  obtained  if  the  number  of 
trials  was  increased.  This  is  reflected  in  the  data  of  Tables  3  and  4 
where  the  mean  end- thresholds  measured  after  64  test  trials  are  consistent¬ 
ly  lower  than  the  mid- thresholds  arrived  at  after  32  trials.  Although  an 
increased  number  of  trials  or  a  variation  in  the  exposure  time  algorithm 
might  produce  a  more  accurate  threshold  measure  for  an  individual,  little 
functional  improvement  would  be  gained.  That  is,  the  original  project 
intent  was  to  develop  a  short  performance-based  test  that  would  both  read¬ 
ily  identify  individuals  with  clinically  significant  gaze  deficiencies  and 
to  distinguish  individuals  with  exceptional  gaze  capabilities  from  those 
with  poor  capabilities.  Because  these  data  indicate  a  relatively  wide 
range  in  gaze  threshold  times,  increasing  the  duration  of  the  test  to 
obtain  a  more  accurate  threshold  measure  would  probably  not  be  a  cost- 
effective  alternative. 

In  actuality,  it  is  probable  that  for  a  very  cursory  clinical  examina¬ 
tion,  it  should  be  possible  to  radically  reduce  the  total  number  of  trials 
if  the  primary  objective  is  only  to  determine  if  a  serious  gaze  deficiency 
exists.  This  could  be  done  in  various  ways:  1)  the  algorithm  could  be 
modified  to  evaluate  fewer  trials  before  making  the  decision  to  change  the 
exposure- time  decision;  2)  the  number  of  digits  correctly  identified  on  a 
single  trial  could  be  used  to  adjust  the  exposure  time  for  the  next  trial 
instead  of  the  "all"  or  "none"  criteria  of  the  present  configuration;  or  3) 
the  number  of  digits  in  the  stimulus  array  could  be  reduced  from  4  to  some 
lesser  number.  In  effect,  a  great  deal  of  experimental  flexibility  is 
available  to  the  investigator  who  wishes  to  modify  the  threshold  determina¬ 
tion  technique  developed  for  the  present  test  configuration. 

A  last  point  involves  the  clinical  role  of  such  a  test  of  gaze  func¬ 
tion.  While  the  test  could  be  used  to  help  identify  individuals  with 
serious  gaze  deficiencies,  the  test  results  alone  cannot  identify  the 
specific  origin  of  the  deficiency  (for  example,  whether  it  arises  from 
within  the  oculomotor  or  vestibular  control  mechanisms.)  This  identifica¬ 
tion  must  arise  through  further  clinical  testing  of  the  suspected  mecha¬ 
nisms. 


RECOMMENDATIONS 

As  with  the  previous  NAMRL  gaze  studies  (7-9),  the  new  test  configu¬ 
ration  shows  considerable  variation  in  individual  performance  for  both 
horizontal  and  vertical  gaze  shifts.  The  range  of  observed  performance 
differences  lends  support  to  the  premise  that  VORPET  has  operational  sig¬ 
nificance  in  that  it  should  distinguish  pilots  with  exceptional  gaze  capa¬ 
bilities  from  those  with  relatively  poor  gaze  performance.  We  recommend 
that  this  version  of  the  gaze  efficiency  test  (VORPET)  be  used  to  acquire 
normative  data  on  active  squadron  personnel  as  well  as  student  flight 
candidates.  It  is  further  recommended  that  the  VORPET  test  be  given  to  a 
select  student  flight  candidate  population  before  they  begin  their  actual 
in-flight  training;  that  this  population  be  followed  as  they  progress 
through  the  training  program;  and  that  their  performance  on  the  VORPET  be 
related  to  their  flight  performance  during  various  phases  of  training. 
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